Introduction
Although left ventricular (LV) hypertrophy is the strongest independent prognostic marker of cardiovascular morbidity and mortality, 1,2 increased LV mass (LVM) in response to increased cardiac load is partially an adaptive process that allows preservation of pump function and blood supply to tissues. 3, 4 Considering stroke work as an independent correlate of LVM, in addition to body size and gender, up to 80% of the physiological variability of LVM can be explained in reference normotensive, normalweight individuals. 4 Under this scenario, it is possible to discriminate between subjects with LVM appropriate to compensate an abnormal cardiac workload at a given individual body size and gender, and those with LVM exceeding the value that would be normal for their loading conditions. We termed the latter condition 'inappropriate LVM'. In previous reports we found that inappropriate LVM was associated with relevant cardiovascular abnormalities, suggesting that inappropriate LVM is a high-risk cardiac phenotype. 5, 6 Because genetic factors contribute to modulate the magnitude of increase in LVM for a given stimulus, 7, 8 appropriateness of LVM in a selected population of hypertensive subjects without major traditional cardiovascular risk factors.
Methods
We studied 62 adults from southern Italy with sustained hypertension (office blood pressure (BP) Ͼ140/90 mm Hg and 24-h ambulatory BP Ͼ132/81 mm Hg 10 ), without additional major cardiovascular risk factors (49 ± 10 years, 40 men) derived from a cohort of 225 consecutive hypertensive patients previously described, employing a standard protocol. 9, 11 Most of patients were previously suboptimally treated for hypertension, and, therefore, after informed consent was obtained, they underwent a 2-week washout period before echocardiography.
Smoking, plasma cholesterol Ͼ220 mg/dl, fasting plasma glucose Ͼ140 mg/dl and obesity (body mass index у30 kg/m 2 ) were major cardiovascular risk factors and exclusion criteria for the present study.
DNA was extracted and analysed as previously reported. 9, 11, 12 Echocardiograms were obtained using commercially available machines as previously reported. 13 LVM was calculated by an anatomically validated equation 14 and normalised for body height [m] to the power 2.7. 15 Standard methods were used to calculate relative wall thickness (RWT), LV end-diastolic and end-systolic volumes (from which stroke volume (SV) was computed), indicators of LV systolic function (endocardial and midwall fractional shortenings) and circumferential end-systolic stress as measure of afterload, and stress-corrected midwall shortening as measure of myocardial systolic performance afterload-adjusted. 16, 17 Individual LVM was predicted by the following prognostically validated equation: 18 Predicted LVM = (0.64*SW) + (−18.1*Sex) + (6.63*height 2.7 ) + 55.13
where SW is stroke work (systolic BP × SV × 0.0144, expressed in g-meters), height is meter and sex is coded as 1 = men; 2 = women. LVM was evaluated as the percent deviation from the value predicted by the regression equation (ie, observed/predicted LVM*100 [%PLVM]). The 95th percentile of %PLVM computed in the reference population was 128%. 18 Stress-corrected midwall was computed as midwall fractional shortening/(25.99 − 3.54*logcess)* 100.
Comparisons were obtained by chi-square statistics, Student's or Welch's t-test and analysis of covariance. Logistic regression was used to measure the independency of genotype effect on appropriateness of LV mass.
Results
Hypertensive patients with inappropriate LVM (%PLVM у128%) were 12 of 62 (or 19%) and had higher prevalence of DD ACE-genotype ( Table 1) . The prevalence of previously treated patients (diuretics, ␤-blockers, ACE-inhibitors, and Ca ++ -antagonists as single drug or in different combinations) was 73% in the group with appropriate LVM and 70% in the group with inappropriate LVM. Hypertensive patients with inappropriate LVM were older than those with appropriate LVM (53 ± 8 vs 47 ± 10 years P Ͻ 0.05), and had comparable gender distribution and body mass index (26.3 ± 2.3 vs 26.6 ± 3.1). Office diastolic BP was higher in patients with inappropriate LVM (102 ± 6 vs 97 ± 6 mm Hg P Ͻ 0.008), whereas no differences were found in terms of office or 24-h systolic BP (data not shown). Patients with inappropriate LVM had higher LVM and RWT (Table 1) , and lower endo- cardial and midwall fractiona shortening, as well as lower stress-corrected midwall shortening. All differences were confirmed after controlling for age and office diastolic BP (Table 1) . Logistic regression analysis documented that DD ACE-genotype was associated with inappropriate LV mass (odds ratio = 7, P Ͻ 0.02) independent of diastolic BP, age, sex and body mass index.
Discussion
In this study, patients with sustained hypertension but without additional traditional risk factors were analysed to minimise the effect of environmental or other genetic confounders on LVM. Patients with 'white coat hypertension' 19 or isolated systolic hypertension were, therefore, excluded to maximise study-population homogeneity. Consistent with previous results from different populations, 5, 20 in the present study inappropriate LVM was associated with concentric LV remodelling and reduced LV systolic function.
Genetic signalling can be thought to play an independent role in LVM adaptation to overload. 7, 8 Because angiotensin II is a powerful cardiac growth factor, 21 ACE gene I/D polymorphism may have an independent impact on the development of LVM levels inappropriate for loading condition, which we termed inappropriate LVM. Results from this study suggest that the DD-ACE genotype is an independent correlate of inappropriately high LVM.
A wash-out period of 2 weeks could be insufficient to achieve LV steady-state conditions, and therefore may partially affect our results. However, this limitation is mostly offset by the fact that all patients had suboptimally controlled BP at time of screening. Therefore cardiac load was high at the time of the admission in the study. Moreover, the percentage of patients previously treated and medication classes were similar in the two groups.
